Healthcare resource consumption is a growing concern. The aim of this study was to examine the associations between diet quality and body mass index (BMI) with healthcare resource use (HRU) in a cohort of advanced age. 5,993 Geisinger Rural Aging Study (GRAS), participants were mailed demographic and dietary questionnaires in 2009. Of those eligible 2,995 (50%; 1,267 male, 1,728 female; mean age 81.4 ± 4.4 years) provided completed surveys. Multivariate negative binomial models were used to estimate relative risk (RR) and 95% confidence intervals (95% CI) of HRU outcomes with diet quality as assessed by the dietary screening tool (DST) score and BMI determined from self-reported height and weight. Poor diet quality was associated with a 20% increased risk for ER visits. Fruit and vegetable (F+V) consumption was grouped into quintiles of intake with the highest quintile serving as the reference group in analyses. The three lowest F+V quintiles were associated with increased risk for ER visits (23-31%); the lowest quintile increased risk for inpatient visits (27%). Obesity increased risk of outpatient visits; however, individuals with class I obesity were less likely than normal weight individuals to have ER visits (RR 0.84; 95% CI 0.70, 0.99). Diets of greater quality, particularly with greater F+V intake, are associated with favorable effects on HRU outcomes among older adults. Overweight and obesity are associated with increased outpatient HRU and among obese persons, with decreased ER visits. These findings suggest that BMI and diet quality beyond age 74 continue to effect HRU measures.
Introduction
With the number of older individuals increasing, 1 there is an associated increase in comorbid disease burden 2 and potential for substantial increases in healthcare resource use (HRU) . Approximately 80% of adults over the age of 65 have at least one chronic disease 4, 5 with the potential for substantial increases in health resource utilization (HRU). Diet quality is a potentially modifiable factor that has been associated with chronic diseases. Higher overall diet quality as well as greater intakes of sub-groups including fruits and vegetables, unsaturated fatty acids, low-fat dairy, and whole grains reduce risk of chronic diseases such as obesity, diabetes mellitus, cardiovascular disease, hypertension and stroke, and some types of cancer. [6] [7] [8] [9] [10] [11] High fruit and vegetable (F+V) intake specifically has been associated with a healthier BMI and reduced risk for coronary heart disease, 12 stroke, 13 and cancer, 14, 15 and with lower rates of all-cause mortality, 16 and in the presence of established disease, with improved disease management. 17 Research relating diet quality to HRU is limited and has primarily been conducted in middle-aged adults. 18, 19 Previous research, primarily in middle-aged adults, has shown that BMI is positively associated with outpatient and inpatient HRU [20] [21] [22] and with medical expenditures overall. 20, [23] [24] [25] The limited data on the oldest segment of the population often groups all those over 65 years together, likely underestimating the impact of obesity on health outcomes in old age. The available evidence for those ≥ 74 years is mixed, with some data linking obesity with increased medical expenditures, 23, 26 while other studies have suggested that BMI has less impact upon medical expenditures. 20 In the majority of studies BMIs >30 are combined, potentially attenuating the contrast of mild versus severe obesity. 23, 27 The objective of this study was to determine the associations between measures of diet quality and BMI with HRU outcomes in adults ≥74 years. We hypothesized that underweight or obese individuals, as well as those with poor diet quality, would have a greater likelihood of HRU.
Subjects and Methods
The Geisinger Rural Aging Study (GRAS) began in 1994 with more than 20,000 participants ≥ 65-years. 26 The participants are community-dwelling individuals in rural northeastern and central Pennsylvania. 26 Details of the study have been published previously. 26 The participants have been followed as a longitudinal cohort over time, with repeated self or proxy reported surveys of age, height, weight, smoking status, self-rated health, functional status, dietary information and living situation.
All surviving GRAS participants (n=5,993) were mailed health and demographic questionnaires and the Dietary Screening Tool (DST) in 2009. After follow-up 2,995 (50%) (1,267 male, 1,728 female; mean age 81.4 ± 4.4 years) participants returned completed surveys, and were enrolled in the Geisinger Health Plan (GHP) for at least part of follow-up. The study was approved by both the Office of Research Protections at the Pennsylvania State University and at the Geisinger Health System. Surveys were reviewed for completion, and only surveys with complete dietary and BMI data were included in the analyses.
DST, BMI and Healthcare Resource Utilization
Detailed information on the DST is available. 28, 29 Briefly, this validated tool utilizes 25 food-based questions to assess diet quality. 29 Cognitive interviewing was conducted to ensure clarity of questions in the population of interest. 28 Good test-retest reliability of the DST was shown, with a coefficient of 0.83 (p<0.0001) 29 for overall score. The DST score ranges from 0 (poor)-100 points. Responses in the present investigation were scored according to the previously validated algorithm, 29 with point allotment based on breakdown of major dietary components of the Healthy Eating Index-2005. 30 Sub-components of diet quality scores have been shown to have associations with various outcomes including development of co-morbid conditions and mortality. 31 Because of the association between F +V intake with chronic disease, the present analysis also examined four F+V questions summed as a sub-component of the DST to determine associations between a F+V intake and HRU outcomes. The F+V sub-score ranged from 0-25 points. For analysis both the DST and the F+V sub-score are assessed by quintile. Additional sub-groups from the DST including whole grain consumption, dairy intake and sweets were considered but were not strongly associated with any of our HRU outcomes (data not shown). BMI was calculated from self-reported height and weight at baseline and categorized per NIH Guidelines. 32 Electronic health records (EHR) provided all HRU from October 2009 through December 2011. The sample almost exclusively used GHP, so the HRU are considered complete. Total counts for each type of HRU were summed, and each measure was analyzed as a separate outcome. Data for the presence of seven obesity-related chronic diseases including diabetes mellitus, hypertension, coronary artery disease, osteoarthritis, obstructive sleep apnea, depression and liver disease at baseline was also extracted from EHR. A disease burden variable was created by summing the number of diseases present for each participant. 
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Statistical Analysis
All data were analyzed using the Statistical Analysis Software Package (version 9.3, 2011 SAS Institute Inc., Cary, NC). Associations of diet quality, F+V, and BMI with HRU outcomes were assessed using multivariate negative binomial models. This model allows for count variables, provides adjusted point and interval estimates of relative risks (RR) with 95% confidence intervals (95% CI), and allows for over-dispersion. 33 Each participant's length of enrollment in GHP was taken into consideration as an offset variable. DST and F +V score outcomes were controlled for BMI. BMI outcomes did not differ whether controlling for overall DST or F+V sub-score, so data shown for BMI outcomes control for overall diet quality. All models were adjusted for demographic variables including age (continuous), sex, smoking status (ever/never), education (< high school vs. ≥ high school), weight gain (>5 pounds self-reported in previous 6 months yes/no) and weight loss (loss > 5 pounds self-reported in previous 6 months yes/no). Self-versus proxy reporting, living situation of participant (alone, with spouse, with son or daughter, with other family or other) and physical activity were all considered but did not contribute significantly to any of the models and so were excluded from analysis. For BMI, 18.5-24.9 served as the referent group, and for the DST and F+V subgroup the highest score quintiles were considered referent (≥72 and ≥ 22 respectively). Results are presented as relative risks with 95% CI.
Interactions between predictors of interest (BMI, DST and F+V sub-score) and each covariate (age, sex, smoking status, weight gain, weight loss, and education) were assessed by including each individual factor (e.g. sex) and its cross product term in separate models.
Interactions between predictors of interest (BMI, DST and F+V score) were also assessed.
Results and Discussion
Descriptive characteristics are presented in Table 1 . Of the 5,993 remaining members of the cohort contacted in 2009, 50% (2,995) returned completed questionnaires and had HRU data and so were considered in our analyses. Compared to these 2,995 participants, nonresponders and responders that did not have HRU data available were significantly older (82.8±4.8 years vs. 81.4±4.4 years, p <0.05) and more likely to be female (OR 1.1; 95% CI 1.0, 1.3, p <0.05). The cohort was primarily non-Hispanic white (99%), high school educated (74%) and self-reported study data (91%). Women reported significantly higher DST scores than men. Overall, there were no significant differences between men and women regarding HRU.
Nearly 90% of the participants had at least one obesity-related chronic disease. As expected, disease burden and BMI were correlated (Pearson correlation = 0.19, p <0.0001), and because controlling for intermediate variables (i.e. disease) may result in biased estimates, 34 obesity-related disease burden was not included as a covariate in the models.
There were no associations between overall DST score and inpatient visits or days, or outpatient visits in any of the models assessed. To our knowledge, the present study is the first to examine the association between diet quality and HRU in such an aged population. The findings do not indicate an association between overall diet quality, assessed by the DST, at baseline, and HRU over two years of follow-up except for an increased risk for ER visits among those participants reporting poor diet quality. Because ER visits are generally more costly than outpatient visits, and for adults 65 years and older the average expenditure per ER visit is over $1,062, 35 reducing this type of HRU is desirable. These observations suggest a potential for favorable impact of diet quality on HRU.
High F+V intake has been associated with reduced mortality, decreased development of chronic diseases, and even reductions in physical and mental impairments in older adults. 36 Despite this, very little research has examined the associations between F+V intake with HRU, with even less focus upon persons of advanced age. Two studies analyzing middle aged women 19 and men 18 found that higher vegetable and higher fruit consumption, respectively, was associated with reduced Medicare charges over 5-37 years of follow-up. The impact of early adoption of healthful diet versus later in life is not addressed by our investigation. Since our survey is based upon consumption frequency and not portions, it is not possible to ascertain the level of intake required to see positive outcomes. However, targeting F+V intake in all age groups has the potential improve health outcomes and warrants further investigation.
Research has suggested that increased BMI is associated with increased risk of HRU in middle-aged and older adults, [20] [21] [22] [23] 26 but few studies have focused exclusively on those ≥74 years. Quesenberry et al., 20 found that increasing BMI was associated with increased outpatient visits, and individuals with a BMI > 35 had the highest usage, but only for those aged ≤ 74 years. For all age groups, including those ≥ 74, a J-shaped relationship was found for inpatient days with the lowest risk in those with a BMI of 25-34.9. 20 Studies finding associations between healthcare expenditures and increased BMI often find the largest relative rise in increased expenditures for prescription medications, an outcome not measured in the current analysis. 23 The present analysis suggests that overweight and obesity increased risk of outpatient visits while a BMI of 30-34.9 was associated with decreased risk for ER visits after controlling for demographic characteristics and DST score. Increased risk of outpatient visits with rising BMI is not surprising since many of these visits were likely for management of co-morbid conditions. The lower risk of ER visits with class I obesity is more difficult to explain. The negative impact of class 1 obesity upon requirements for urgent care may be attenuated in those who survive to old age. 37, 38 These findings are consistent with other research suggesting that higher BMIs may decrease HRU in older adults with the exception of outpatient visits. 20, 39 While we did not find significant associations between underweight and HRU, it is likely because too few individuals in this cohort met the low BMI threshold. It is also likely that individuals living to advanced old age represent a group of survivors that are less susceptible to the negative impacts of higher BMI. Because outpatient visits make up a much smaller portion of total medical expenditures than inpatient visits, overall contribution of BMI to medical costs in adults ≥74 years may not be as important as other factors. 40 As detailed in the methods, due to the potential for over-adjustment, 41 we did not adjust for disease burden in the present analysis. Previous research has suggested that Medicare expenditures increase with age, and at a faster rate for overweight and obese individuals. 42 That analysis considered all individuals over 65 and differences in expenditures were still attenuated with consideration of chronic disease. It is also likely that the increase in outpatient visits observed in the present analysis with elevated BMI is at least in part attributable to chronic disease. With advanced age, BMI may play a less significant role in inpatient HRU, and overweight and mild obesity may even reduce all-cause mortality in the oldest old. 41 A major strength of this study is the relatively large sample size from an under-sampled, rural, population of advanced age. The response rate (50%) is consistent with other community dwelling cohorts of older persons. We were also able to analyze descriptive data for the non-responders. HRU outcomes were extracted from EHR and are not subject to selfreport bias. Several limitations should be noted. BMI was calculated from self-reported height and weight. However, for 2,221 participants in this sample, measured BMI from EHR was available and there was a strong correlation between self-reported and measured BMI (Pearson correlation = 0.91, p < 0.0001). This analysis was also based on healthcare use and not cost, so caution must be taken in making assumptions about expenditures. Due to the nature of the data, we were unable to identify circumstances that led to HRU. Longer follow-up time for HRU measures would be of benefit and longitudinal data could help determine risk attributable to BMI versus disease. Dietary information was self-reported and so may be subject to recall bias. Finally, this analysis was conducted in a homogenous sample of primarily non-Hispanic white rural Pennsylvanians. Because HRU varies by race, 43, 44 further analysis in more heterogeneous populations will be required to inform broad-scale recommendations.
are likely to be less costly than hospitalizations that result from poor compliance with recommended management of these conditions. Our findings suggest that BMI and diet quality beyond age 74 continue to effect HRU measures.
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